Method of analysis and load-deflection curve for a three-story two-bay frame,  Report for C. E. 406, 1962 by Patel, N. B.
Lehigh University
Lehigh Preserve
Fritz Laboratory Reports Civil and Environmental Engineering
1962
Method of analysis and load-deflection curve for a
three-story two-bay frame, Report for C. E. 406,
1962
N. B. Patel
Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports
This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact
preserve@lehigh.edu.
Recommended Citation
Patel, N. B., "Method of analysis and load-deflection curve for a three-story two-bay frame, Report for C. E. 406, 1962" (1962). Fritz
Laboratory Reports. Paper 87.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/87
AIlrw~Ion OF AJ1'ALYSIS
,4!fl])',
LOAD DE1i'I4I!10 TION, CURVE
FOR
S~l()nI i:~ TViO 1~':aAY li'RAI\tfE
, Deps.x-tment of 01vil Ea:1g1neex-1ng
1h-l,tz Eng1ne-e:tt1ng ~bOIiato!';r
Lehigh Unlvex-s1ty
Be'thlel'1em_i' ,perJ.nsylv'ania
li'rlt.l~g1nee":lng LaboratQry 11$P0l1t No., 273.1,
I~{ay 31, 1,962
I,. ,Irlttto dUJJtion
I,I',. Step-by-,tep pr008cltttte ot" determining the
to:rmatlon of st\oee$$1v$ h1ng$s
III,-, Malys1e 01: the~;~iV'en tIJa;me. fO:rJ the tll:bnate 10,a4
IV,' 8unlt~1e,vy Qt resul,ta
V• Oonolusion$,-
VI. E11gu:res and eUt'ves
VI,X t: Appendix
VII'I,. References
\
")
A,.Wp~b1.'SU$P 111etho<!l t01' px-ed1ctlng tbebehavlQ%' ot the
t3:'ame i$ di$ous,t)d. T.ha d_tl$ctlon -at each step is a1$O caleu.-
lated. Theanalya1s 1$ done up'bothe to:t'll1t.\t1o'n of tht'e&
plastic hinges. 1he t1nalmeQhalllsw atultlmate load is also
o'aloulated.· Tl1e defltQt10n at ult,1mate load!. also oalo'\llated.
The curve is plotted _tor load against cle-fleotion at v~1ou$'
stages.
This report oonta.in. th.e exaot pJ:loo@dU»e tor the oa1011.-
lat10n of the step-b;r-step loadl, moments, Mld deflections ot
the given f-x-am. dur1ngfoztmat1Qn ot amecllan1sm.
The uniformly dlstiXt-lbutedvoX'tlcal load on each storr 1$
taken equal to \V and the hor1zont$1 loads actlng at th.e 1,8ft
hand s1de tX'om lett to :right Q:b the topc-olumn-be8.1lt joints at
fiX-It,. second,.. 8110. tdl1rd st01"1~;$ e.rtl 0.'1 WL.. 0.1 WL, artdO.OS
\VL re$peoi;lvll~".
Al-l the btams arG 'lSlfF 60, the C01UllU18 ot the bottom sto:ry
a);i$J.4W 84, while the colwnne of the $,(toond and third sto~les
aro J4W:74.
Theprope:r-t1es of all, membel's are included in Table No. 1.
-M-EMr3ER M p ( )k) P'I(k'fS) l ( \y\4)
\«5 yy:. 60 7::> 3 7 5~2 9~4'O
14 v.F 74 345 1tco '1Q6·'B
,AI \rF ~4 ~DCJ -g\5 q25-t.t
) "
IX. ~~e:)?~~l~$t$p,prQ.cit?d~)~:iQf.,H"~·tr~X:~tnl!!a'I~·e. ~ox-m,~,~loD ,Cl~;
" .!\t(),Q~J1!ll:~~, .blases.
Th$elastlo a:na1ye1s, of the givep trame i$carried out
with t!ttl ,t:U1knownload 111., te~ml ot W~, "''l'b.e genet-'al t,abletoX4
the moment dlstX'!butlonla tt~%'m$d as d<ttne .in tlle App:endlx.
In ~aoh c·$,s. with Q new h,inge. In·troduce4 at ox-l ti:cal I&c,-tlon
tine u.+t1m~te lo'ad.:fo:t', ;tha"b stl'ue.t~. @d th.e def.leotlo:nl f!J~
points 13, 0,: and Dwe.rG calculatGd.
II. 1., 1. _~1~$it1~r--:~ftll-1a,:,Q~_1r~f.)-.-:S1,vc:p ,*t:J?·~m,ej' .~~tlll i.l'f~,clina
1~':"'-lte~_,ot:" :~v, 1;\8; 11~WJ1. ':'l~ ~11Su;'e, I~••
~. ~alY$1s, 11 earv1ed out.b1 themomant distributiQn
method.,· rehecaleulated final tt!omentaaX*'6 given in 1'able lito. S.
In th$ 16Yf60 membe"s"th~cr1tloal section 1s at the l?lgh,t
end, of beam B'G. In the 14Vfa~. members,: thec:rlttoal $f1Jet1on
1s at the top of colturLll IlJl and1.n the 14Vf 74 members the). ;
cr:ttloal se'e,·tlo~ 1. at tht· top of Q-olunm JK.
II. 1,.2. ,:pe,tt~:cntr3:n!:uil():na'o.t,'mtt:V,tfjt ··1!.1~$tll-'lbj1nS'-.MPr, .t11e .' d~Pad,at ,
t14_ ,to,~$t1pll .Qft'l~,lt ~:1Q._ .t1c, "btn '.'
MiM{3·~1<. Mp:: Mp )\0(. 'M )K WL..::; Mp)J, QL.
\~ w: co M~e 3~7 O.\092WL2. ''2.~·5
JL.t W" 74 Mj~ 3'45 0.0 599wL2. ..2 30. 0
'Lt w= '&~ ML.M 400 Oo0432.WLz 3'7 o· 0
Tablt No,. 2 Momen·ts !U'tdload'· ator1tical £1.0 tiollS
Fxt01U Tabl$:No.,2w&QQn SGe tltat tho lowe,at load is glv.'n
,.
b1 MGt~' 11heret()~. the t1~$t ple$t1~ h'lnge w111fo~ at the Xt1sht
shand of the bea~ GB Vlhen the load on the $.tl'U,ctUJ:iO 18, W!4
123.,,5 ·k;1.ps)~,
!doment d1agvam tox- this, eQ$$ is shown -1n F1gUXt$ '3.'~ ,
It~ 1.311 '0f!\l¢'Ula.ttf.!~~~,AJ;j:A X" and, A. Z at ~e ,tS-me f!)~lto'ttm!.
, It'iQn: ',o,t ,tb~, :t:fr,Q.p :,pl
i
'G\s,t;1cA'1n¥$,,"
.l.." ,', ... 1"111 ,,"',:: ,,~ •. nr... lll.T,,' ,;~.
AX horizontal ,detlect1onot point 'J)
6.y h01'1zontal defleotion ofpo1nt 0
~Z horisontal defleot1Qn or point B
M ~c'=- Fixed end mom$nt at DO diue to slde'flay of A .Dc.
': 3·2:;.9 wL:l. k.~-\:. ,::'E~~c;. 6.Cc.
FINAL ~~, ~ ?V'A -:: (",) CN~c:.) C L2.)
,£ I be • , '3
''''(o. 0 2. 8 '2 (;' ) ('3 . 2. '?> Cf >C.. \2.3. 5 x 2.S ~It) (2. S' ) 2. ~:\2.. ,..' ,'12 'b ,t"~"3
~ -4 X 6 (30 x 10 3 ksl.) (7Q6' ~ 1,,4)
';.. o·,,5~S \'n. 3
2 \~
FIHAL b.1 'C (o.o2""S')(3>"2..~9")(.J.2.~~5>c.25K·'t)(2.~) ~~2.(''''''2.~)~-\3
/j x.G ~ (3 a ox J 0 3 I< Sf..) '( -,q 6 · l5 iY\ Lf)
II. 1.4. Qq1U2.:rj,l!()~ .•0' the 1()S:.4r.&.lield.e,1'1~(\~:lcn;l. ~;'! A.l,"t A~), a..~,
t.h~i t1Jq. Qti;l,~I$,t 1tle.$~le.!h;i!Se, ..itp, '11t~m~:li.~ ,lo..,d ,~d ,att'"
£:l_ec,V1qQn.~,.
-;:. o~g ~ 0.10'5.
,. ~'
• o·.It 2.~ )C I bo ::. 7· 5S
5. ,2.
=: o· \'{cg x \00 = \0"95
\- ~\/
A:;c
~ "K\oo~iu,\'
~/a -~ ~ 0·573
_, ru." 2., 5 . !>
6.. 0·535~,c. \00 -:. _ x. 100 ":.
A.L \0·55)C\.t\"'{ •
II. 2.1., '~f)" ,~~'~~ ,.L9:~~ct~, ,,~()~,e~a~t1,~ ,~~l_l,~l \V~,f~, 1?"~;$,'a~
$1to'•.'r.~n-,~11f5~$l!Jz i,,1·tl\:2;~'~1~12~.()$ h!l~a~- j~t ~1Sh)t!~e.nq'ot!_
'I~ ~y
beamBQ,'.,>:,
,.w-'" HiiiM ""',
Aga1ntJ;lean~lJs1$1$ eax-:rled ,ol;tt:bythe· mo~entdl$t1l'!~
"
p~t~on, me-tho:4.., ,Thecalou.l.'tfJd, t1na1 f\lomen1),$ ,at-. glV$ll 1n the
$$'00114 coltultrl ot ilable No. S. ,The moment d!,agx-amf"orJ thl·sease
1s ShQwn in Flgur-$ 4.
In the 14W84 1:)lerribe311 the gt'eates,t mom$nt 1$ at the uop
of oolttmrt JK and in th-e)4v.F74 mE"Jmbers ib ls at the bo,tt'om of
column. MI.. and ~n the lSW-60 mSlttbe%f8 thE1 '()J!l1 tioal momentl' are,
elthev' e.trlght 'ends ot beQn1$ ,ED",'FO', Q'21M.
II. 2.2. D$:§<iilPptij)a.UQXJ,of ;.~~~~3:'\~ Jilas~,;teh:tn,,,and ~..,.~n~~.e~t,
() t. 10,$.4 ,,:b,tb~f'9~U1~ p1~n .ot )3••,eon4,!1,a.s.~1c.lh,!ns_'
'1'he $eoond plastic, hinge: '1111 torm at tbeen<).of any be.
80 the ,endmonlen'bs otbeams .•"e oonstde:ttCtd lUld other moments
are cheektild 'tor, the lnol'ement of load obtained suoh, th~t" no
moments exceed· tl1$l\~p value.
,'f4Qm,en'b Qt the
end of 11h8 beaut
NfD
Incr-ement of moment
assuming, plastic hinge
1s at it
o· ,0 t,( Mp
O-o79M p
Inc ramen t of
load ,due to assumed
plastio hinge
o·o,'Hp ,H J
AwL':. L'=-O.6 3 7 J (0·J635 W I- \
'NAwL'= \·'14 {
Table" NQ. 3 Incremt)nts otmolnent$ at Qr1tical sect'ionl
or be·&m membe~s ••,
'r'om Table, N'o. 3' it cen' be 'seenth,at ·the second pla$tic:
hinge' will fQX'lll at 'tlte X'1gh t ha:o.d ,,:Lde ot· beam ED•.
o· 639', .
:. A.\'L -- --)( 3~7 ";:. ~. 59 k. ps.
2'5
The lnOluents "at the -other po1ntsere ehec,k$d' In "the Appendix on PQ 3 e b6
and llQ.ere EJxQeed th~ !d p value. lrenee this is the eorl'E'Act in...
c'veitt~ntand ,t~e plastto bl\nge :f'~mnatlon 1$ qU1tt QK., JIbe moment
d1agx-am is shown ,in Figure 4.
II-. '2.3. (Jalou:l.;atlQ'U, .o..f.A.I.X- AX..t, and,~ i"at th~ time ot fo~matl,on
", ' . Rp _ 1 I,;." . 1.._ 11',1." "'- . """+MliIi'tdlS1., 'j ill ' .. ·.· .. ili "
of tht second 2·1~$t.~eh1:ns.. s :l.5"~ in3
. l.O:OS-20~)(c:t.,I0'3~)"f(~'~~'1i~ ~7.'~c. \(,t)l Lf 4>~)('7J-~) ~'t~ O. O.~42/
Ax~ c.?·'b,;;ll~ -;: bU
6 x ( '& 0 >co ) 0' \c. s ,-) <- '1 CJ c:. ~ f'r) 4 )
o','Ax :: 0 0 °'8 40 b·5!,5 -:: o. ti:o~ \'Y')
5,·,......."'o.1f\:1 0.'/= o·41t2.&'· Q'r\cl. Am::e. = 0 0 2<.50".'
"', '3,~3 0
-'
A 1:2. o.4g·2..?; 0.2.,60 .
--
...-
--
"';.. \·81A'r:.r.'U,t-
A~ o. 2...'2. S o·12Lf2. .=. ~
6~u\t . l·g\
'8. 5 7
~ ')(.\00 ':.
~~"'\"
A'f2, ':.
- )1...\00
A'Iu'-\.
6c
- )(..'\0 0 -;:
.t\:z \A ,t
II•. 2.4. aQ11l2Q.riTsQll0~".1fheloa<;\ ~d,d.flei"t1QtlQft1l$ tlm,.,CJ1..
$~CQp41>.:t ~Il! t,10 h,lnS<ilw5- 'f!l,u,l~~$.t~ ,.\p~4 ~d.de.f,l.te,t1()~ .•
R' ;. ,~' 2.. 0, '2../p -_ ~ o. ~, ~
\A .:2..,5.8
F1S.'U1'e ~."•iii ',' . I' ,
The whole 'pl'*ooedul"e 1s repe,ated in the same mar.tneXl '11$ done
ln the fix-s"b tyro cases. The l"'$sults at'($ glv(;)n here.
I!., .3. 2. The thl:rd. plaa -b10 'binge forms at the r1gh.t end of tn.
beam OF vlhen' the mo:ment at that section 1s O.,106,6\vL .:
'rh(3 lnc4*$mentof load at t}j18 timeot th1rd 11&ldl'$ 1.76
kips, $0 load at tlrnG of formation. ot th1xad plastic hinge
1s 133.85 kips. l\~oment diagvam 1s shown in Figux-e 5.
I-I. 3~3. fJlh~'" :ci·',__J.~u~a~1·-Qi.~· ... o:ft.·:A.i.X!I:~Y:.-"" m<d.AZ .at, the· 'tilue- ot third
.. ,I ,. . _. • .. ' ., .. , ••, lIF.. ". ,_ 1 n - ))' ,",':-' -r' '_"'f "v'j-,.:; ,I '11'16 ....
Z1~'1'It\t,~ .' _' .J
Only: the 'values :a~e, g1-ven -hette.
A '><3 = o· b 2. '9 ,\Yl.
A 'J"3 ':: o· Lt ct'S""~ ,".., ~
A ~ ~ ~ o· 2. "2.. 9 C\ iyt.
I I ..;.. 4ii2~nlJ2,a.It:i ••Q~ 0 ttp.,~tl,Q.&;~,,,m~;~~~1(tgtl~n ,a.t, ",~$ ·tl~~O.~
at; ,thtlld:eJ.&'$t&.~~,11;laeW1th :q:L,t,im,.telQe,dend s~t1elqtloAf...
. ~/?~:: o'b2
A )(.~ o. 6'.2.' 9 5-'=1 %
")( '° 0 ::
--
":. \0.5 S
6)(",\+.
6,.'1~ o.~C\5' 7<. , 00 ::=. ~.~\ '/0
.--- "':,
b.'1\l\~ . 5 · ,.2.
Ac~ ~. 2.7.et~ ~ ·\2.. oG9 010
~
----
~ \0 0
.l,)..":l.\l\-\
\. ~\
A ?C.3 tJ· -,:2( 4 o·3L\LlO~
---
~ l'~'A cult·
A 'I;, o .qqS-' 0. 2 74.°
"Z.
----
0;. \. cg ,
~. ~\.\,-\- ..
~ ?::- 0.2-'2.'\" f"... o. \2(:;9.
= \. gl~~"'\~..
<, ib$t'$ GU'-e two me"tho,ds of pla$tle- sna1181s fox- deteX'M1nlns
the ultim.a-tEl ,load, '(1) $t8.ti1oa'1 method of ane.lJsj.sl Thla method
18 mo,'u sui tab'1,$ t():c" beams ,and tl"el11&S,', with ,tbree' redundant:. '0%1'
,less,., 'The, obJect11feof th1$i lne'tbo'd 1sto d»aw a pOI'sib,let moment
d1agl't\m in such a vta,, ,that the pl~-tJtlc 'momen,t; conditions a11e not
v101"ted ,( itt( 14lp )" but with, SUfficient plastl0 h1n,ges beins
torme¢t. to .form_ m$Ch~1~~mJ (2:) Pftec,han:1sm methO-d Qt Qnalysts,
Theobjeet:1ve In thl$ method 1$ to seleot t:t:'Oll1 all P09811>1.
modas Qtta11tu'e the one that ccX'~esponds toth,e 1<?W6St po,8s1b,l.
ul.tilnateload.
I II. 1. ~1.~l~11ll$qh.!:nJ.$Ill,a;1l tt,;l,~lm.at$ ....;lQ~~.
No. Qr ,11edun~a.nts. of 61v4ln fvame =Jt
No. otpos's1ble pl'afJtle blnge's ~ N
11'herefore the nuxnbel' 01" 1n;t\"penden't raeoban.1om. 34,- 18 : Ie;
.3 'panel -t 6 beam + ,1 30int =1,6 mGohatl1sms
.All the mechanisms nnd oombinations of various mechanisms
10 I +b 'Olf . . . ..' on pct,e '07 ;" lI,p enJ,JI)(
ave gl"f'en on pages"1n the Appendix. fhemeonan1mn ShQ_"saV'e
the lowest load. All Q,aloula,t1ons P$ shewn the,%le. The value
of WI. obtained at the f1na-1 -sel,eated nJa~han1$m is 215.8, 'klps.
ThemOttlGllt distribution at the time of 'ta11ut'e 1$ performed 6\'\ pct,e 'oS
in tb.$ Appen41x also., and sl10wa tbatno \,hel's the ,moment 1sgI'_ate,X'
thtiU'l the Xvi p "al~ a-d hence the mechan:t_ and ealeUlatedu.lt1ntate
, '
load 1_ all rl~t. 140tne.nt diag:ram at eollapl"~ 1s g~.ven '1n '!gu.x'e6~
I II. 2.ta\e~p.a.t:1.P~ ~t>~~.,~,b;1;n,a$, to~Ct~e.n;dt,he.,def,l,e'eJj;1R.n.~'b!
the torma,tion. otlE\st "h~ns!;.,~, J;,>_:~I,.I!"""'. " ', .1 _ ,., .. 1,. . ,1., . __iisI
~
In this p..,o:rt1cular trameand load1nO'..._ the hov11ontal wind~ ,"" C) '! '
load 18 small oornpal1ad to the v8V't1oal beam lQad. The t1'I'st
thVE)& h1ng$1 a.x'e :famed a t the end of the beams.
to
. ,
e11m_v ot the three base hinges. S.o one way!s totl"1 a:n.y ~ne
of the tl"~$~ b,~~etil:at .4,; Ii '~d 1\1 to be '. formed ~a$'~ and then
fln4.ottt the def~$<>tlon)and thet'a$$,wh1ch w:tll g1"~ the mU:1",
nrwu dct~eot1on will be 'bhelas,t hinge t<r>mtied. The vfl.t'ious moment
OY\ pCl.3 e '09
'dlas:v~s t<)". thetlnitloa4s,applled, at D ~$ sho-\m"1~ the Appe~.
__ dl:JC..It Call. be seen t~at th~ t11:ist. ease gaW, max:tmum deflect;1on,.
TJ1o' final defleotions. are oalculated in the Append,lx. OY' ~
pCl.~e 1.~.1. - A X\.l\o\ _-:; \ 0 - 5 S/I i t>'t", \t ':. 5- /G.:::z." .6 ":l. \.1\+... \-'& ,"
I:lI. 4. llPk,IJr-~"q-.~et,;t.·.,Q: ,1Q~ esaln~ tc;:'1r'vo,
The load at various stages ot fox-matlQn of success!.ve
p
plastich11lgtHi wa,. compaIWed with the Ultimate 10$,d and the PIA.
vatl0 1$ deternilned. Alaothe deflec,t1one at each step we1'e comp,.
area wi th the final deflect,ions and the percentage of deflections
, we-ye.
at ~a3'1Qus $·ba~.$8 was detem1ned. :the t~a"nh,~ plotted end !;:s d¥\Q r ''',.
f- A:/. Ax 1 .6'1 A.'t A-C b.-c
-
- -- -
-
-
P\.,l b.~\.\'T. ~ ~\l\t- .. Ai "'\~ .. A:~"\,, A~U\t o-:e.U\+ •:
-
o· s,.~ (:). 0 t;"o 7 0·2.955 0.0'155 b·..23.S o· 'o~5 e·\ o~5
o·~'3 0·0 572, 0'3330 o.o~$7 0-2..'6 o· l2!f2, c,t..242
~. (;';2. 0 0'0-590 ,{':)·3lflJO o. 0 cgcg \ 0·:2.1 ~ o· \ '2." c'1:2~9
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Al?PENDXX
,"', ,,',' ,'R'II_.
(4) MQ1YfJ1S b7 moment d1tltribut1on.ot tale given trame.
TIll$ put cover. PE:tg0$ 1 tlu1ouIf;h ,3$'.;
'!,~A,""~'e(s'~,!_f!'\,
1
2·',3
"20-21,
,22",a$
28-,29
30-31
32
33
T!1eframe $,n:Q headlngaar& given.
Distribution tlActor-. and fixed end momen'ts 9.1"8
determined.
Moment d1stll,lbut1Q:n tab,le takes to\.'l:P' eon.~Cl\utive
pages and tl1er4;l'Q.1"1S" four set~l()tmoment dis't1:*1but1Qn
,tabl."til1si» set 1$ dth joints fixed,- seoondast of
'touv pagel takes ca1'G ot' side.wllY' of the top stOt-11
th1J:fd set 1s to:r t;h,e moment d$.st:plbution, wi th sid_sway
of m:tddl,eet,oJ\'1J ,and the last set is fox- the sidesway
or the bottom story.
I''''' - - - - -- - -- - - -- -- J
I .. D ~ Til =r • : F' RS T PA<:rE
........... -..0. __ - - - --I
:_:: ___ j:.... __J:_' _: :5 (£ Co N D fA6-£
", • .8 TGc. L • mlRO fAGG
, ' 1l---;:A- - -~;:; - -M.-Ir--DUI'fTH Pt4G-E
'_ _ __ -i.- _ I _ _ _ _ _.'
"'_e body d1~,gx-'am. Q1'8 dXiaW1l in tb.ese' two pages.
Frtltlt free body d1ag"ema AJR and an &Z"e d~t/,ex-Jllined
1n: these four pase8~
Th$-;~1multan~Qu$equat:tonsand the solution ot these
eq~at1Qns @e glvenin theS$ t"o pa£:S$$.
'1'l.:le oheck 'on moments aXle pertornle,d in, these tvro pages.
ThemaJd.mum moments in 'beW12S a:t"~ determined in these
two pages.
On tn,lEi page the raoment d:ta~_ratt1. is 'Cb'awnto:v step 1.
Tllts 118.g6 contain,s the det$1~rQ1nat1Qnof fix-st plastic
hlng$. '
1'11$S8 two ptlges contains the caleulQt1()~.·,t0:t1 the
deflections AX" A Y. andAZ.
T11$WOXlk for the sucoess!? steps eJ:ld (1)) and (0) aJ,e
pevformed intha sarne pattevn QS desoribed above.
l~.l~ ~J:J.t~.m(lt~iload 1s .d$tent!,lned b:r mechan1smmethc)din these
,",: ,:P'atl&Si' "
5.,6 :me ,ch$,~'1c oft,. epot ,locat1onol!' h1ng$ in bfJAt\t is, pev.·
t'o~edi1i .. th4U:U9 two page.,.
10n this page meehanlsmat £a11u1'$ is given.
8 }tIQwents at _oollaps.e 1s det$rm:Lned brlnoment d1str1bu-
" ti,0n ..on ,t111spage',t'
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